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ABSTRACT 

Observa t ions  of t h e  temporal and s p a t i a l  behav io r  of low energy  

(- 1 MeV) s o l a r  p ro tons  a r e  presented  f o r  t h e  s o l a r  p r o t o n  even t  of 

February 5 ,  1965, u t i l i z i n g  d a t a  from t h e  nea r  e a r t h  s a t e l l i t e s  1963 

38C and I N J U N  4 and spaceprobe Mariner 4 .  An enhancement of low energy  

p ro ton  i n t e n s i t i e s  i s  observed a t  i n v a r i a n t  l a t i t u d e s  I\ 2 80' and may 

be a low a l t i t u d e  e f f e c t  of t h e  h igh  l a t i t u d e  topology of t he  magneto- 

p a u s e .  Comparison of t h e  p o l a r  c a p  and Mariner  4 o b s e r v a t i o n s  i n d i c a t e  

t h a t  t h e  magnetospheric  c o n f i g u r a t i o n  v a r i e s  a s  t h e  boundary c o n d i t i o n s  

imposed by t h e  i n t e r p l a n e t a r y  medium v a r y ,  t he reby  caus ing  marked 

s t r u c t u r e  i n  the  p o l a r  cap p ro ton  i n t e n s i t i e s .  F u r t h e r  comparisons of 

t h e  p o l a r  cap and Mariner  4 obse rva t ions  a r e  p re sen ted  and d i scussed  

i n  terms of (1)  a f i l a m e n t a r y  i n t e r p l a n e t a r y  f i e l d  s t r u c t u r e  and 

( 2 )  a n  extended geomagnetic t a i l .  Depending on t h e  assumptions ei ther 

approach i s  c o n s i s t e n t  w i t h  the  d a t a .  It is  a l s o  i n d i c a t e d  t h a t  pa r -  

t i c l e  motion a c r o s s  i n t e r p l a n e t a r y  f i e l d  l i n e s  n e a r  t he  s o l a r  s u r f a c e  

o r  i n  the  r e g i o n  of t h e  shock f r o n t  is r e q u i r e d  t o  e x p l a i n  the  low 

energy pro ton  a r r i v a l  t imes i n  the  v i c i n i t y  of t he  e a r t h .  



INTRODUCTION 

The p receed ing  paper  (Bostrom e t  a l ,  1967) h a s  d i s c u s s e d  o b s e r v a t i o n s  

of p o l a r  cap p ro tons  ob ta ined  from s a t e l l i t e  1963 38C d u r i n g  t h e  Fe rua ry  

5 ,  1965 s o l a r  p r o t o n  e v e n t .  It was noted t h e r e  t h a t  t h e  low energy 

(- 1 MeV) p o r t i o n  of t h e  p r o t o n  spectrum d i s p l a y e d  a temporal  h i s t o r y  

more complex than  t h a t  of t h e  h igh  energy (2 10 MeV) P o r t i o n  O f  t he  

spectrum and t h a t  t he  behav io r  of t he  low energy p r o t o n s  d i d  no t  appea r  

cons i s  t e n t  w i th  p a r t i c l e  d i f f u s i o n .  

I n  t h i s  n o t e  we s h a l l  c o n s i d e r  i n  more d e t a i l  t he  behav io r  of  t he  

low energy (- 1 MeV) p ro tons  observed d u r i n g  t h e  February  5 ,  1965 

e v e n t .  A d d i t i o n a l  low energy  p ro ton  d a t a  from s a t e l l i t e  I N J U N  4 and 

spaceprobe Mariner  4 have been ve ry  gene rous ly  made a v a i l a b l e  t o  u s  

by Drs. S .  M .  Kr imigis  and J .  A .  Van A l l e n  o f  t h e  U n i v e r s i t y  of  Iowa 

and a r e  f u r t h e r  d i s c u s s e d  i n  a companion paper  ( K r i m i p . i s  and Van A l l e n ,  

1967) .  

The main p o i n t s  t o  be emphasized h e r e  a re :  

1. The o b s e r v a t i o n  of an  enhancement of low energy  p o l a r  cap 
pro tons  a t  l a t i t u d e s  ( a )  which may be  connec ted  t o  a 
h igh  l a t i t u d e  n e u t r a l  l i n e  on t h e  magnetopause o r  (b)  which 
may r e p r e s e n t  t he  f i r s t  geomagnetic i n t e r c o n n e c t e d  f i e l d  
1 i n e  ; 

2 .  The o b s e r v a t i o n  tha t  r a p i d  o r  d i r e c t  a c c e s s  of  low energy 
pro tons  t o  p o l a r  cap  r e g i o n s  appea r s  t o  be  a l t e r n a t e l y  
allowed and d e n i e d ,  implying a magnetospher ic  c o n f i g u r a -  
t i o n  which v a r i e s  i n  c o n c e r t  w i t h  t h e  changing  boundary 
c o n d i t i o n s  imposed by t h e  i n t e r p l a n e t a r y  medium; and 

3 .  The comparison of  t he  low energy  p r o t o n  t i m e  h i s t o r y  as 
observed over  t he  p o l a r  cap  and a s  observed a t  t h e  p o s i t i o n  
of Mariner  4 ,  some 3700 RE away from t h e  e a r t h  i n  n e a r l y  t h e  
a n t  i - s o l a r  d i r e c  t i o n .  
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DATA AND RESULTS 

P o l a r  Cap Data: D e t a i l s  of t h e  d e t e c t o r s ,  s a t e l l i t e s  and o r b i t s  

have been p r e s e n t e d  e l sewhere  (Van Al len ,  1965; Van A l l e n  and K r i m i g i s ,  

1965; - Krimigis  and Van A l l e n ,  1965, 1967; Whelp l e y ,  1965; W i l l i a m s  and 

-' Smith 1965; Bostrom e t  a l ,  1967) .  T h e r e f o r e  t h e s e  i t e m s  s h a l l  on ly  be 

b r i e f l y  summarized i n  t h e  fo l lowing  paragraphs .  

The m a g n e t i c a l l y  o r i e n t e d  s a t e l l i t e  1963 38C was launched on 

September 28,  1963 i n t o  a n e a r l y  c i r c u l a r  p o l a r  o r b i t  having  a 1147 km 

apogee,  a 1067 km p e r i g e e ,  an 89.9' i n c l i n a t i o n  and a 107.5 minute 

p e r i o d .  A t  t h e  t i m e  of t h e  February 5 ,  1965 s o l a r  p r o t o n  e v e n t ,  t h e  

o r b i t a l  p lane  of 1963 38C made a n  angle  of 53" w i t h  t h e  e a r t h  sun l i n e .  

Data d u r i n g  t h e  e v e n t  were obta ined  from t h e  d a y s i d e  hemisphere only  

( l o c a l  t ime of -1530 h o u r s ) .  

The two p r o t o n  s p e c t r o m e t e r s  aboard 1963 38C were o r i e n t e d  t o  look 

o u t  normal t o  and a long  t h e  al ignment  a x i s .  T h i s  y i e l d e d ,  a f t e r  a l i g n -  

ment,  look d i r e c t i o n s  o r i e n t e d  normal (9OU) t o  t h e  l o c a l  l i n e  of f o r c e  

and ,  i n  t h e  n o r t h e r n  hemisphere,  up (180") t h e  l i n e  of f o r c e  (away from 

t h e  e a r t h ) .  Each of  t h e  p r o t o n  spec t rometers  c o n s i s t s  of two 500 micron 

(p) t h i c k  s u r f a c e  b a r r i e r  s o l i d  s t a t e  d e t e c t o r s  a r ranged  i n  a t e l e s c o p e  

mount. The p r o t o n  d i f f e r e n t i a l  energy windows sampled a r e  1 . 2  - 2.2 M e V ,  

2 . 2  - 8 . 2  M e V ,  8 . 2  - 25 M e V ,  and 25 - 100 M e V .  The 1963 38C d a t a  from 

t h e  February 5 ,  1965 event  have been c o r r e c t e d  f o r  a cosmic r a y  back- 

ground and a h i g h  energy o m n i d i r e c t i o n a l  p r o t o n  background (Bos trom 

e t  a1 1967) 
- 9  
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S a t e l l i t e  I N J U N  4 ,  a l s o  magne t i ca l ly  o r i e n t e d ,  w a s  launched on 

November 21, 1964 i n t o  an  o r b i t  having a 2502 km apogee,  a 527 km 

pe r igee  and a n  81' i n c l i n a t i o n  (Whelpley, 1965) .  A t h i n  (25 p )  s u r f a c e  

b a r r i e r  s o l i d  s t a t e  d e t e c t o r  w i t h  two d i s c r i m i n a t o r  l e v e l s  was used t o  

o b t a i n  pro ton  energy  i n t e r v a l s  of 0.52 - 4.2 Mev and 0.90 - 2 . 1  Mev 

( K r i m i g i s  and Van A l l e n ,  1967) .  During t h e  February  5 ,  1965 e v e n t ,  

I N J U N  4 d a t a  were obta ined  from l o c a l  t imes of -0500 - -0915 hour s .  

Figure 1 p r e s e n t s  t h e  time h i s t o r y  of the  low energy p o l a r  cap 

p ro tons  du r ing  t h e  pe r iod  February 5 - 8 ,  1965 a s  ob ta ined  from t h e  

1 . 2  - 2 . 2  Mev channe l  of 1963 38C and the  0.9 - 2 . 1  Mev channel  of 

I N J U N  4 .  

c a s e  of 1963 38C and f o r  L 2 8 RE i n  t h e  c a s e  of I N J U N  4 and have been 

normali7ed us ing  the  1963 38C pass  of February  6, 1647 UT and the  

I N J U N  4 pass of February 6 ,  1637 UT. Abso lu te  f l u x  comparisons and 

geometr ic  f a c t o r  u n c e r t a i n t i e s  are d i scussed  i n  Bostrom e t  a1 (1967) .  

From t h e i r  Table  2 ,  t h e  above two p r o t o n  channe l s  a g r e e  t o  b e t t e r  t h a n  

a f a c t o r  of  1 . 7  i n  a b s o l u t e  f l u x .  The February  5 ,  1965 f l a r e  i s  a l s o  

shown i n  F igure  1. The f l a r e  occurred  a t  a s o l a r  d i s c  h e l i o c e n t r i c  

p o s i t i o n  of  25'W, 8"N, began a t  1750 UT, reached maximum phase a t  1810 

UT and ended a t  2010 UT (Solar -Geophys ica l  Data ,  1965) .  The sudden 

commencement shown occurred  a t  -1414 UT February  6 ,  1965(Lincoln ,  1965) .  

The d a t a  p o i n t s  a r e  p o l a r  cap ave rages  f o r  L 2 10 RE i n  t h e  

It i s  seen  t h a t  t he  1963 38C and INJUN 4 d a t a  seem t o  be i n  good 

agreement excep t  f o r  t he  r i s e  t o  t h e  i n i t i a l  peak i n  i n t e n s i t y  (-0600 

UT, February 6 )  of  t h e s e  low energy  p r o t o n s .  Th i s  r i s e  i s  c h a r a c t e r i L e d  
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by a r a t h e r  marked temporal  s t r u c t u r e .  Subsequent comparisons w i t h  

Mariner  4 show t h a t  such s t r u c t u r e  i s  a b s e n t  a t  t h e  p o s i t i o n  of Mariner 

4 . This  has  l ed  us t o  i n s p e c t  t h e  p o l a r  cap d a t a  f o r  p o s s i b l e  d i s -  

c r e p a n c i e s  wi th  the  r e s u l t  t h a t  none have been found and t h a t  the  

observed s t r u c t u r e  appears  t o  be r e a l .  Note t h a t  t h e  s t r u c t u r e  o c c u r r i n g  

du r ing  t h i s  e a r l y  phase of t he  even t  is obse rvab le  w i t h i n  t h e  I N J U N  4 

d a t a  i t s e l f .  

F i g u r e  2 p r e s e n t s  t he  normalized t i m e  h i s t o r y  of low energy p o l a r  

cap  p ro tons  du r ing  t h e  February  5 event  u s i n g  t h e  0.52 - 4.2  Mev 

channel  of I N J U N  4 and 1 .2  - 2 . 2  Mev channel  of 1963 38C. These d a t a  

have been normalized u s i n g  t h e  1963 38C pass  of February  6 ,  2208 UT 

and t h e  I N J U N  4 passes  of February  6 ,  2123 UT and 2228 UT. F i g u r e  2 

shows t h a t  a s imi la r ,  complex t i m e  s t r u c t u r e  is a l s o  s e e n  when t h e  1963 

38C d a t a  i s  normalized t o  t h i s  lower energy channe l .  F igu res  1 and 2 

a l s o  show a n  appa ren t  sudden commencement a s s o c i a t e d  low energy p ro ton  

i n c r e a s e  s i m i l a r  t o  those  r e p o r t e d  by P i e p e r  e t  a 1  (1962) ,  Lmuda e t  a 1  

(1963) ,  and Van A l l e n  e t  a1 (1962) .  

P o s s i b l e  d i s c r e p a n c i e s  between the 1963 38C d a t a  and the  I N J U N  4 

d a t a  may a r i s e  from (1) n o r t h e r n  and sou the rn  p o l a r  cap asymmetr ies ,  

(2 )  l o c a l  t ime ( impact  zone) e f f e c t s ,  and (3)  l a t i t u d e  v a r i a t i o n s  

a c r o s s  t h e  p o l a r  cap .  The two sou the rn  p o l a r  cap  p o i n t s  from 1963 38C 

(February  6 ,  0539 UT and 0732 UT) do n o t  d i s p l a y  any s i g n i f i c a n t  n o r i h -  

s o u t h  asymmetry a l though  K r i m i g i s  and Van Al l en  (1967) i n d i c a t e  t h a t  

such an  asymmetry may e x i s t .  Local t ime e f f e c t s ,  wh i l e  unknown, could  

be impor tan t  a s  t h e  two s a t e l l i t e s  a r e  -7 - 11 hours  a p a r t  i n  l o c a l  t ime.  
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A good example of apparent  l a t i t u d e  v a r i a t i o n s  a c r o s s  t h e  p o l a r  c a p  

o c c u r s  d u r i n g  t h e  1963 38C p a s s  of  0 2 3 2  UT,  February 6 ,  and i s  shown i n  

F i g u r e  3 .  This  p a s s  o c c u r s  n e a r  t h e  peak o f  t h e  f i r s t  i n t e n s i t y  m a x i -  

mum of  low energy p o l a r  cap p r o t o n s .  I n  F i g u r e  3 are shown t h e  count  

ra tes  of an i n t e g r a l  e l e c t r o n  s p e c t r o m e t e r  channel  which has  a t h r e s h o l d  

af 280 kev (Williams and Smith,  1965) and of  t h e  p r o t o n  s p e c t r o m e t e r  

channel  s e n s i t i v e  t o  p r o t o n s  i n  t h e  range 2 . 2  - 8.2 M e V .  Both d e t e c t o r s  

a r e  a l i g n e d  w i t h  t h e i r  look d i r e c t i o n s  normal t o  t h e  l o c a l  l i n e  o f  f o r c e .  

The p r o t o n  channel  shows a response  which r ises  t o  a p l a t e a u  v a l u e  of  

about 1 cps a t  L 8 (A = 6 7 . 5 ' )  , remains e s s e n t i a l l y  c o n s t a n t  o u t  t o  

L - 40 (A = 8 0 ° ) ,  and t h e n  i n c r e a s e s  suddenly by a f a c t o r  of  - 3 .  Com- 

p a r i s o n  w i t h  t h e  e l e c t r o n  s p e c t r o m e t e r  c h a n n e l  which shows an o u t e r  zone 

t rapped  e l e c t r o n  p r o f i l e  dropping  t o  cosmic r a y  background l e v e l s  a t  

L * 10, i n d i c a t e s  t h a t  e l e c t r o n  contaminat ion  i n  t h e  p r o t o n  channel  i s  

n e g l i g i b l e .  

To more c l e a r l y  i l l u s t r a t e  t h e  low energy p r o t o n  i n t e n s i t y  i n c r e a s e ,  

t h e  response  of an o m n i d i r e c t i o n a l  d e t e c t o r  s e n s i t i v e  t o  p r o t o n s  2 2 MeV 

and e l e c t r o n s  2 250 kev i s  shown i n  F i g u r e  4 .  A s  i n d i c a t e d  above, 

e l e c t r o n  contaminat ion  i s  n e g l i g i b l e  f o r  L 2 10 (A 2 71.5'). The normal 

background count  r a t e  f o r  t h i s  d e t e c t o r  i s  -0 .24 c p s  f o r  A 2 7 2 " .  The 

open c i r c l e s  i n  F i g u r e  4 r e p r e s e n t  t h e  d a t a  p o i n t s  t a k e n  from t h e  

descending p o r t i o n  of  t h e  p a s s .  U n f o r t u n a t e l y ,  n o t  enough d a t a  are 

a v a i l a b l e  t o  r e t r a c e  t h e  s t e p  a t  -80" and t h e  p o s s i b i l i t y  e x i s t s  t h a t  

t h e  i n c r e a s e  i s  temporal  r a t h e r  t h a n  s p a t i a l .  
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The l a t i t u d e  dependence of  low energy (1.2 - 2.2 MeV) p r o t o n s  over  

t h e  p o l a r  cap  h a s  been o b t a i n e d  f o r  p a s s e s  i n  which d a t a  e x i s t s  beyond 

A = 80". To improve s t a t i s t i c s  t h e  count  ra tes  from both  t h e  90" and 

180" low energy (1.2 - 2.2 MeV) channels  aboard 1963 38C have been 

averaged.  The absence of any s i g n i f i c a n t  a n i s o t r o p i e s  i n  t h e  low energy 

p r o t o n  f l u x  d u r i n g  t h e  e v e n t  (Bostrom e t  a l ,  1967) s u p p o r t s  t h e  v a l i d i t y  

o f  t h e  a b o v e , a v e r a g i n g  procedure .  I n  a d d i t i o n ,  5" averages  i n  t h e  

i n v a r i a n t  magnet ic  l a t i t u d e ,  A ,  were c o n s t r u c t e d .  F i g u r e  5 shows t h e  

r e s u l t s  of  t h e  l a t i t u d e  dependence so o b t a i n e d  f o r  t h e  f o u r  a v a i l a b l e  

p a s s e s .  

While a s t a t i s t i c a l l y  s i g n i f i c a n t  enhancement above A 80" o c c u r s  

o n l y  i n  t h e  p a s s  of 0232 UT February 6 ,  two of t h e  remaining t h r e e  

p a s s e s  show an i n d i c a t i o n  of  an i n t e n s i t y  enhancement a t  A 2 80". 

o n l y  p a s s  d i s p l a y i n g  a r e l a t i v e l y  smooth l a t i t u d e  p r o f i l e  over  t h e  p o l a r  

cap  i s  t h e  p a s s  of 1647 UT February 6 ,  o b t a i n e d  a t  t h e  maximum of  t h e  

second low energy p r o t o n  i n t e n s i t y  peak. 

The 

Although i t  i s  n o t  p o s s i b l e  t o  de te rmine  u n i q u e l y  whether  t h e s e  

i n t e n s i t y  i n c r e a s e s  are s p a t i a l  o r  temporal  i n  n a t u r e ,  t h e  f a c t  t h a t  

t h e  t h r e e  observed i n c r e a s e s  a r e  a l l  a s s o c i a t e d  w i t h  s i m i l a r  h i g h  l a t i -  

t u d e s  (A 2 80") i n d i c a t e s  t h a t  t h i s  i s  a s p a t i a l  e f f e c t .  

l a t i t u d e  i n t e n s i t y  i n c r e a s e s  shown i n  F i g u r e s  3 - 5 may be a s s o c i a t e d  

w i t h  e i t h e r  a h i g h  l a t i t u d e  n e u t r a l  l i n e  on t h e  magnetopause o r  be 

r e p r e s e n t a t i v e  of  t h e  f i r s t  geomagnetic f i e l d  l i n e  i n t e r c o n n e c t i n g  w i t h  

t h e  i n t e r p l a n e t a r y  f i e l d .  During t h e  p e r i o d  February 5 - 8,  1965, 

s a t e l l i t e  1963 38C sampled l o c a l  t i m e s  o f  1520 - 1530 hours .  Thus a 

The h i g h  
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n e u t r a l  l i n e  ( n o t  a p o i n t )  o r  i n t e r c o n n e c t i o n  ove r  a wide span  of  

l o c a l  t i m e  is r e q u i r e d  t o  e x p l a i n  t h e  above e f f e c t s  observed -50" eas t  

of t h e  ea r th - sun  l i n e .  

Comparison of P o l a r  Cap and Mariner  4 Data:  A t  the t i m e  o f  the  

e v e n t  Mariner 4 was l o c a t e d  approximate ly  55 RE above ( n o r t h  o f )  t h e  

ea r th - sun  l i n e ,  604 RE east  of t h e  e a r t h - s u n  l i n e  and 3611 RE away from 

the  e a r t h  a l o r g t h e  e a r t h - s u n  l i n e  i n  the  a n t i - s o l a r  d i r e c t i o n .  The 

r a d i u s  v e c t o r  from t h e  e a r t h  t o  Mariner  4 made a n  a n g l e  of -9" w i t h  

- 

t h e  ea r th - sun  l i n e .  

The t i m e  h i s t o r y  of t h e  February  5 even t  as  ob ta ined  by the  0.88 - 
4 . 0  Mev p ro ton  channel  aboard Mar iner  4 a long  w i t h  t h e  normalized p o l a r  

cap  d a t a  of F igu re  1 are  shown i n  F igu re  6.  F igu re  7 d i s p l a y s  a s imi l a r  

t ime h i s t o r y  u s i n g  t h e  0 .50 - 11 Mev channel  of Mar iner  4 and t h e  p o l a r  

cap  d a t a  of  F igu re  2 .  It is  s e e n  t h a t  t h e  Mariner  4 d a t a  a l s o  d i s p l a y  

a complex time s t r u c t u r e  where in  a s u c c e s s i o n  of i n t e n s i t y  maxima a re  

observed .  Note t h a t  a l though  t h e  t imes of o n s e t  and of maximum 

i n t e n s i t y  i n  t h e  f i r s t  peak a r e  t h e  same a t  b o t h  l o c a t i o n s  w i t h i n  t h e  

temporal  r e s o l u t i o n  of t he  p o l a r  cap d a t a ,  t h e  appa ren t  s t r u c t u r e  ob- 

se rved  over  t h e  p o l a r  r eg ions  e a r l y  i n  t h e  e v e n t  i s  n o t  observed a t  t h e  

p o s i t i o n  of Mariner  4 .  

I t  i s  t h i s  appa ren t  s t r u c t u r e  i n  t h e  low ene rgy  p r o t o n  i n t e n s i t i e s  

ove r  t h e  p o l a r  cap a t  t h e  beg inn ing  o f  t h e  e v e n t  coupled  w i t h  t h e  

s imul taneous  l ack  of any s imi l a r  s t r u c t u r e  a t  Mar iner  4 which i n d i c a t e s  

t h a t  l o w  energy p ro tons  are  b e i n g  a l t e r n a t e l y  a l lowed and den ied  access 
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t o  t h e  p o l a r  cap r e g i o n s .  This  impl ies  a magnetospheric  c o n f i g u r a t i o n  

which v a r i e s  i n  c o n c e r t  w i t h  changing boundary c o n d i t i o n s  imposed by t h e  

i n t e r p l a n e t a r y  medium. While such changes a r e  t o  be expec ted ,  t h e  

r a p i d i t y  o f  t h e s e  v a r i a t i o n s ,  a s  implied by t h e  p o l a r  cap p r o t o n  s t r u c t u r e ,  

i s  somewhat s u r p r i s i n g  ( t h e  f a s t e s t  v a r i a t i o n  i n  F i g u r e s  1 and 2 i s  

-30 minutes .  ) 

I n  f u r t h e r  comparing t h e  low energy p r o t o n  t i m e  h i s t o r i e s  as observed 

over  t h e  p o l a r  cap and a t  t h e  p o s i t i o n  of  Mariner 4 ,  two approaches 

have been taken:  1) t h e  t i m e  h i s t o r i e s  a s  observed over  t h e  p o l a r  cap  

and a t  Mariner  4 a r e  independent  and u n r e l a t e d  and t h e  p r o t o n s  s imply 

have a common o r i g i n  a t  t h e  sun and 2 )  t h e  t ime h i s t o r i e s  over  t h e  p o l a r  

cap  and a t  Mariner 4 are r e l a t e d  and any observed d i f f e r e n c e s  i n  t h e  

t i m e  h i s t o r i e s  r e q u i r e  e x p l a n a t i o n .  I n  e i t h e r  of t h e  two cons idered  

approaches ,  t h e  a p p a r e n t  t i m e  v a r i a t i o n s  i n  t h e  p o l a r  cap p r o t o n  d a t a  

a t  t h e  beginning  of  t h e  event  imply a changing magnetospheric  c o n f i g u r a -  

t i o n  as d e s c r i b e d  above. 

U n r e l a t e d  T i m e  H i s t o r i e s :  Recent r e s u l t s  have i n d i c a t e d  a f i l a -  

mentary s t r u c t u r e  t o  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  w i t h  f i l a m e n t s  

h a v i n g  a s p a t i a l  diameter much l a r g e r  t h a n  t h e  g y r o - r a d i u s  o f ,  f o r  

example,  a 10 Mev p r o t o n  ( B a r t l e y  e t  a l ,  1966; Ness e t  a l ,  1966; 

McCracken and Ness, 1966).  The f i l a m e n t s ,  w h i l e  be ing  convected through 

t h e  i n t e r p l a n e t a r y  medium by t h e  s o l a r  wind, would tend t o  c o l l i m a t e  

low energy  p r o t o n s  s o  t h a t  they  would t r a v e l  down t h e  l e n g t h  of  t h e  f i l a m e n t ,  
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The t i m e  s t r u c t u r e  observed a t  Mariner 4 i n  t h e  low energy  p ro ton  

i n t e n s i t i e s  du r ing  t h e  February  5 ,  1965 even t  may have been due t o  a 

bundle  o f  i n t e r tw ined  f i l a m e n t s  be ing  swept p a s t  t h e  s p a c e c r a f t .  I n  

the  same manner a s e p a r a t e  bundle  of f i l a m e n t s  may have s imul t aneous ly  

swept p a s t  the  e a r t h  producing  the  t i m e  s t r u c t u r e  observed ove r  t he  

p o l a r  r e g i o n s .  Thus the  t ime h i s t o r i e s  observed a t  Mar iner  4 and ove r  

the  p o l a r  cap would be independent ,  be ing  caused by two s e p a r a t e  

bundles  of f i l a m e n t s ,  and would be r e l a t e d  on ly  through a common o r i g i n  

f o r  t h e  pro tons .  

However, t h e  agreement  i n  o n s e t  t i m e  and t ime of  maximum i n t e n s i t y  

of t h e  f i r s t  peak a t  bo th  l o c a t i o n s  i n d i c a t e s  t h a t  a t  l e a s t  d u r i n g  the  

f i r s t  peak,  the  ear th-Mar iner  o b s e r v a t i o n s  p e r t a i n e d  t o  a s i m i l a r  

i n t e r p l a n e t a r y  environment .  E i t h e r  t he  f i l a m e n t a r y  s t r u c t u r e  was l a r g e  

s c a l e  compared t o  ear th-Mar iner  d i s t a n c e s  o r  d i d  not  vary  s i g n i f i c a n t l y  

over  ear th-Mar iner  d i s t a n c e s .  

Fol lowing the  sudden commencement f i l a m e n t  dimensions may be  roughly 

e s t ima ted  by c o n s i d e r i n g  t h e  wid th  of t h e  temporal  v a r i a t i o n s  observed 

a t  Mariner  4 .  These wid ths  v a r i e d  b u t  were i n  g e n e r a l  L 2 h o u r s .  

Using a 2 hour  width and a s o l a r  wind v e l o c i t y  o f  2000 km/sec a s  d e t -  

ermined by t he  sudden commencement on February  6 ,  a f i l a m e n t  diameter  

o f  ~ 1 . 4 ( 1 0 ) ~  km is  o b t a i n e d .  Comparing t h i s  w i t h  t h e  ea r th -Mar ine r  

I d i s t a n c e  of --2.3(10) km i n d i c a t e s  t h a t  t h e  f i l a m e n t  s t r u c t u r e  may 

have been l a r g e  s c a l e .  However, i t  s t i l l  appea r s  p o s s i b l e  f o r  two 

s e p a r a t e  f i l a m e n t s  t o  have caused the  t i m e  h i s t o r i e s  observed ove r  t he  

p o l a r  cap and a t  Mariner  4 .  

10 



* 

Rela t ed  T i m e  H i s t o r i e s :  I n  t h i s  i n t e r p r e t a t i o n  i t  i s  assumed 

t h a t  Mariner  4 w a s  o u t s i d e  of  any magnetospheric  c o n f i g u r a t i o n  e x i s t i n g  

a t  t he  t i m e  o f  t h e  February  5,  1965 s o l a r  p r o t o n  even t  and t h a t  t h e  

ear th-Mar iner  system samples  a s i m i l a r  f l u x  of low-energy p ro tons .  

The p o s i t i o n  o f  Mariner  4 l i s t e d  ea r l i e r  i s  c o n s i s t e n t  w i t h  i t s  be ing  

o u t s i d e  any assumed extended t a i l  f i e l d  c o n f i g u r a t i o n .  I n  a d d i t i o n ,  

a v a i l a b l e  ev idence  i s  a l s o  c o n s i s t e n t  w i t h  t h i s  s u p p o s i t i o n  (Van Al l en ,  

1965).  

The d a t a  i n  F i g u r e s  6 and 7 i n d i c a t e  t h a t  t h e  o n s e t  t i m e  and t h e  

t ime o f  t h e  f i r s t  maximum i n  i n t e n s i t y  o f  low energy p r o t o n s  are roughly 

t h e  same bo th  ove r  t h e  p o l a r  caps and a t  t h e  p o s i t i o n  of  M a r i n e r , 4 .  The 

u n c e r t a i n t y  i n  t h e  t i m e  of  t h e  p o l a r  cap peak a l lows  t h e  r e l a t i v e  

Mar iner  4 - p o l a r  c a p  i n i t i a l  peak t i m e s  t o  be  c o n s i s t e n t  w i th  p ro ton  

t r a n s i t  t i m e s  ( d i r e c t  t r a n s i t  t ime from t h e  e a r t h  t o  Mariner  4 f o r  a 

1 .5  Mev p r o t o n  i s  -27 m i n u t e s ) .  Thus t h e  r e l a t i v e  a r r i v a l  of low energy  

p r o t o n s  ove r  t h e  p o l a r  cap and a t  Mariner 4 d u r i n g  t h e  f i r s t  i n t e n s i t y  

maximum (exc lud ing  t h e  p rev ious  c o n s i d e r a t i o n s  of t h e  apparent  s t r u c t u r e  

e a r l y  i n  t h i s  peak observed over  the  p o l a r  cap)  is  c o n s i s t e n t  w i t h  

t h e r e  be ing  s i g n i f i c a n t  f i e l d  l i n e  i n t e r c o n n e c t i o n  from t h e  geomagnetic 

f i e l d  t o  t h e  i n t e r p l a n e t a r y  f i e l d  (Dungey, 1961) .  

As i n d i c a t e d  i n  F i g u r e s  6 and 7 ,  t h e r e  appear  t o  be two broad peaks ,  

each  showing some f i n e  s t r u c t u r e ,  which fo l low t h e  i n i t i a l  i n t e n s i t y  

maximum. Making t h e  p o l a r  cap-Mariner peak cor respondence  shown i n  

F i g u r e s  6 and 7 ,  i t  i s  appa ren t  t h a t  Mariner  4 obse rves  t h e s e  low 

ene rgy  p r o t o n  peaks some 3 t o  5 hours b e f o r e  they  a r e  observed ove r  
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t h e  po la r  cap .  A change i n  the  magnetospheric  c o n f i g u r a t i o n  may have 

occurred  between t h e  f i r s t  and second i n t e n s i t y  maxima such t h a t  d i r e c t  

a c c e s s  o f  low energy p ro tons  t o  the  p o l a r  cap  r eg ions  was i n h i b i t e d  

and s e v e r a l  hours  were r e q u i r e d  f o r  t he  low energy p ro tons  t o  e n t e r  

t he  magnetosphere and a r r i v e  over  the  p o l a r  r e g i o n .  The f a c t  t h a t  a 

change in  the  magnetospheric  c o n f i g u r a t i o n  may have occurred  a t  t h i s  

t ime i s  c o n s i s t e n t  w i th  t h e  o b s e r v a t i o n  of a sudden commencement a t  

-1414 UT February 6 ,  1965 (L inco ln ,  1965) .  I t  would not  be s u r p r i s i n g  

f o r  t he  boundary c o n d i t i o n s  imposed by t h e  i n t e r p l a n e t a r y  medium t o  be 

changing a t  t h a t  t i m e .  However the  t ime of  the  second Mar iner  4 i n -  

t e n s i t y  peak,  o c c u r r i n g  b e f o r e  the  sudden commencement, does imply 

t h a t  i n t e r p l a n e t a r y  c o n d i t i o n s  were d i s t u r b e d  4 . 1  - 0 . 2  AU upstream 

of t h e  shock f r o n t .  

The 3 - 5 hour  d e l a y  b e f o r e  low energy p ro tons  a r e  observed  ove r  

t h e  p o l a r  cap i s  s u g g e s t i v e  of d i f f u s i o n  e f f e c t s  i n  t h e  p re sence  of  an 

extended geomagnetic t a i l  (Michel ,  1965; Michel  and D e s s l e r ,  - 1965) .  

The r e l a t i v e  p o s i t i o n  o f  t h e  s u n ,  the  e a r t h  and Mariner  4 exc ludes  the  

p o s s i b i l i t y  of the d e l a y  t ime be ing  a m a n i f e s t a t i o n  of t h e  i n t e r -  

p l a n e t a r y  magnetic f i e l d  l i n e s  c o - r o t a t i n g  by the  ea r th -Mar ine r  system. 

The de lay  times i n d i c a t e d  by t h e  d a t a  of  F i g u r e s  6 and 7 y i e l d ,  assum- 

ing  a 1 . 5  Mev p ro ton  ene rgy ,  t a i l  l e n g t h  e s t i m a t e s  of 0 . 3  - 0 . 6  AU.  

Rather  than  v i s u a l i ,  ing  an  i d e a l i z e d  extended t a i l  c o n f i g u r a t i o n  

i n  which t h e  e a r t h ' s  f i e l d  l i n e s  extend backwards away from t h e  e a r t h  

i n  il smooth and uniform manner,  i t  i s  perhaps  more r e a l i s t i c  t o  c o n s i d e r  
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t h a t  t h e  e a r t h ' s  f i e l d  l i n e s  break  up i n t o  a f i l a m e n t a r y  s t r u c t u r e  as 

they  are dragged back from t h e  e a r t h  by t h e  s o l a r  wind. The geomagnetic 

f i l a m e n t s  could  become entwined w i t h  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  

f i l a m e n t s  and t h u s  might lead  t o  subsequent  p a r t i c l e  d i f f u s i o n  a c r o s s  

f i l a m e n t s ,  y e i l d i n g  de lay  t i m e s  s imi la r  t o  t h o s e  i n  F i g u r e s  6 and 7 .  

The p o l a r  cap-Mariner 4 comparisons l a t e r  i n  t h e  even t  (F igu res  6 and 7 )  

are less c l e a r .  

The f a c t  t h a t  t h e  peaks observed ove r  t h e  p o l a r  caps  are no wider  

t h a n  those  observed a t  Mariner  4 may i n d i c a t e  t h a t  a d i f f u s i o n  type  

p r o c e s s  does not  occur .  I n s t e a d ,  p a r t i c l e s  may d i r e c t l y  and " e a s i l y "  

e n t e r  t h e  magnetosphere a t  some d i s t a n c e  from t h e  e a r t h .  The observed 

d e l a y  t i m e s  a g a i n  y i e l d  an access r eg ion  -0.4 AU away from t h e  e a r t h ,  

assuming a 1 .5  Mev p ro ton  energy .  

Two approaches have been desc r ibed  t o  e x p l a i n  t h e  r e l a t i v e  t i m e  

h i s t o r i e s  d u r i n g  t h e  February  5 ,  1965 s o l a r  p r o t o n  even t  of low energy 

E p r o t o n s  as observed over  t h e  p o l a r  cap and a t  Mariner  4 some 3730 R 

downwind o f  t h e  e a r t h .  With t h e  d a t a  a t  hand ,  i t  i s  not  p o s s i b l e  t o  

choose  between t h e  two approaches .  I n  e i t h e r  c a s e ,  appa ren t  t i m e  s t r u c -  

t u r e  observed i n  t h e  i n i t i a l  phase of t h e  even t  ove r  t he  p o l a r  cap and 

t h e  absence o f  s i m i l a r  s t r u c t u r e  at  Mariner  4 g i v e  ev idence  f o r  a magneto 

s p h e r i c  c o n f i g u r a t i o n  which v a r i e s  as i t s  e x t e r n a l  boundary c o n d i t i o n s  

v a r y .  

Comparisons of  a b s o l u t e  f l u x e s  o f  low energy  p r o t o n s  observed ove r  

t h e  p o l a r  r e g i o n s  and a t  Mariner  4 show t h e  i n t e n s i t i e s  are n e a r l y  t h e  

same a t  bo th  p o i n t s  o f  o b s e r v a t i o n  (Bostrom e t  al, 1967) .  

13 



SUMMARY AND DISCUSSION 

The fo l lowing  i tems summari;e t he  o b s e r v a t i o n s  of  low energy 

(-1 MeV) p ro tons  d u r i n g  the  February 5 ,  1965 s o l a r  p ro ton  e v e n t ,  

u t i l i , . i n g  d a t a  ob ta ined  from s a t e l l i t e s  1963 38C and I N J U N  4 and 

spaceprobe Mariner  4 .  

1. An enhancement of low energy (-1 MeV) p r o t o n  i n t e n s i t i e s  has  

been observed a t  a n  i n v a r i a n t  l a t i t u d e  of > .  80“.  Such a n  enhancement 

has  been observed i n  3 of 4 a v a i l a b l e  cases (F igu re  5)  and impl i e s  a 

s p a t i a l  r a t h e r  than a temporal  phenomenon. This e f f e c t  may be a 

m a n i f e s t a t i o n  of  the  h igh  l a t i t u d e  n e u t r a l  l i n e  on t h e  magnetopause o r  

an  i n d i c a t i o n  of  the  f i r s t  geomagnetic f i e l d  l i n e  t o  i n t e r c o n n e c t  w i t h  

the  i n t e r p l a n e t a r y  f i e l d .  The o b s e r v a t i o n  of t h i s  enhancement -53” 

e a s t  o f  the  ea r th - sun  l i n e  r e q u i r e s  a n e u t r a l  l i n e  o r  i n t e r c o n n e c t i o n  

over  a wide span  o f  l o c a l  t ime.  

2 .  Pola r  cap  averages  of t h e  low energy  p ro ton  i n t e n s i t i e s  d u r i n g  

the  event  show an appa ren t  rap id  and marked s t r u c t u r e  d u r i n g  t h e  i n i t i a l  

r i s e  t o  maximum i n t e n s i t i e s  (F igu res  1 and 2 ) .  The l a c k  of  s t r u c t u r e  

of  comparable ampl i tude  a t  the  p o s i t i o n  o f  Mar iner  4 (F igu res  6 and 7 )  

i n d i c a t e s  t h a t  d i r e c t  a c c e s s  of low energy  p ro tons  t o  t h e  p o l a r  r e g i o n s  

was be ing  a l t e r n a t e l y  allowed and den ied .  T h i s  f u r t h e r  i n d i c a t e s  a 

magnetospheric  c o n f i g u r a t i o n  whicli v a r i e s  a c c o r d i n g  t o  v a r i a t i o n s  i n  

the boundary c o n d i t i o n s  imposed by the  s o l a r  wind. 

3 .  Following the  i n i t i a l  r i s e  o f  t h e  e v e n t ,  low energy  p ro tons  

observed a t  the  p o s i t i o n  o r  blarincr 4 e x h i b i t e d  a complex temporal  

beliavior s i m i l a r  t o  t l l a ~  obsc%rvc’d ove r  t h e  p o l a r  r e g i o n s .  The d i s  tdnce 
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of  Mariner  4 from t h e  e a r t h  (-3700 RE i n  n e a r l y  t h e  a n t i - s o l a r  d i r e c t i o n )  

p rec ludes  p l a c i n g  a unique i n t e r p r e t a t i o n  on t h e  comparison of  t h e  low- 

energy p ro ton  behavior  ove r  t h e  p o l a r  cap  and a t  Mar iner  4 .  The re- 

l a t i v e  t i m e  h i s t o r i e s  may be  explaned by (1) t h e  passage  of independent  , 

f i l a m e n t  bundles  p a s t  the e a r t h  and Mariner  4 o r  ( 2 )  d i f f u s i o n  ( o r  

a c c e s s )  i n t o  a geomagnetic t a i l  some 0 .3  - 0.6 AU i n  l e n g t h .  I n  (1) 

t h e  t ime h i s t o r i e s  over  t he  p o l a r  cap and a t  Mar iner  4 are  u n r e l a t e d  

and on ly  s h a r e  a common source  ( sun ) .  I n  ( Z ) ,  t h e  t i m e  h i s t o r i e s  a r e  

assumed r e l a t e d  and appa ren t  phase  d i f f e r e n c e s  a r e  c o n s i s t e n t  w i t h  

t h e  above t a i l  l e n g t h  e s t i m a t e s .  

Of f u r t h e r  i n t e r e s t  i n  the  behavior  of low energy  pro tons  d u r i n g  

the February  5 ,  1965 event  i s  t h e i r  a r r i v a l  t ime i n  t h e  v i c i n i t y  of 

t h e  e a r t h  and t h e  subsequent  r i s e  t o  t h e  i n i t i a l  maximum. From 

F i g u r e s  6 and 7 i t  i s  s e e n  t h a t  l o w  energy p ro tons  a r r i v e  i n  t h e  

v i c i n i t y  of  t h e  e a r t h  s h o r t l y  ( 3 hour s )  a f t e r  maximum f l a r e  i n t e n s i t y .  

F i g u r e  8 shows two e c l i p t i c  p r o j e c t i o n  of t h e  i n t e r p l a n e t a r y  

magnet ic  f i e l d  assuming a g r o s s  o v e r a l l  Archemedian s p i r a l  conf i g u a t i o n  

( P a r k e r ,  1958) .  The f i e l d  l i n e  connec t ing  t o  t h e  f l a r e  r e g i o n  i s  

shown a s  a dashed l i n e  and t h e  p o s i t i o n  o f  t he  ea r th -Mar ine r  4 system 

i s  i n d i c a t e d .  F igu re  8a shows c o n d i t i o n s  a t  t h e  s t a r t  of t h e  e v e n t  

assuming a s o l a r  wind v e l o c i t y  o f  400 km/sec.  F i g u r e  8b shows con- 

d i t i o n s  8 hours  l a t e r  a t  t he  t ime when t h e  i n i t i a l  l o w  energy p r o t o n  

i n t e n s i t i e s  a re  nea r  t he i r  peak.  A plasma f r o n t  v e l o c i t y  of 2000 

km/sec was used ,  based on t h e  observed sudden commencement a t  1414 UT 

Februa ry  6 ,  1965. All l o n g i t u d e s  r e f e r  t o  the  s o l a r  s u r f a c e .  The 
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e i g h t  hour t ime l a p s e  h a s  been t a k e n  i n t o  account  i n  F i g u r e  8b.  

Figure 8 i n d i c a t e s  t h a t  i f  l o w  energy p ro tons  a r e  indeed conf ined  

t o  t r a v e l  a long  i n t e r p l a n e t a r y  tubes  of f o r c e ,  ( B a r t l e y  e t  a l ,  1966; 

Ness e t  a l ,  1966; McCracken and Ness,  1966) they should have r a p i d  

a c c e s s  to  nea r  e a r t h  r eg ions  on ly  f o r  f l a r e s  occur ing  i n  t h e  v i c i n i t y  

of  57'-W long i tude  (assuming a 400 km/sec s o l a r  wind v e l o c i t y ) .  The 

p r e s e n t  o b s e r v a t i o n  of  l o w  energy s o l a r  f l a r e  p ro tons  s h o r t l y  a f t e r  

the  event  which occurred  a t  25"W long i tude  i n d i c a t e s  t h a t  t h e s e  p ro tons  

a r e  a b l e  t o  r a p i d l y  move some 30" i n  l o n g i t u d e  e i t h e r  a t  o r  near  t h e  

s o l a r  s u r f a c e  (Reid,  1964) o r  i n  the  r e g i o n  o f  the  s h o c k f r o n t .  

--- ----- 

- 
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FIGURE CAPTIONS 

F i g u r e  1: 

F i g u r e  2: 

F i g u r e  3: 

F i g u r e  4: 

F i g u r e  5: 

F i g u r e  6 :  

Normalized low energy p r o t o n  i n t e n s i t i e s  averaged 
over  t h e  p o l a r  r e g i o n s  d u r i n g  t h e  February 5 ,  1965 
s o l a r  p r o t o n  e v e n t .  The d a t a  a r e  from t h e  1 .2  - 2.2 
Mev channel  of 1963 38C and t h e  0 . 9  - 2.1 Mev channel  
of I N J U N  4 .  The f l a r e  of  February 5 and t h e  sudden 
commencement of February 6 a r e  i n d i c a t e d .  

Same a s  F i g u r e  1 except  t h a t  t h e  d a t a  are from t h e  
1.2 - 2.2 Mev channel  of 1963 38C and t h e  0.52 - 4.2 
Mev channel  of I N J U N  4 .  

Response of e l e c t r o n  spec t rometer  channel  1 (Ee 2 280 
kev) and p r o t o n  spec t rometer  channel  2 (2 .2  2 Ep I 8.2 
MeV) over  t h e  p o l a r  cap  d u r i n g  t h e  1963 38C p a s s  o f  
0232 UT February 6 ,  1965. The d a t a  show an enhance- 
ment of p r o t o n s  a t  h i g h  L v a l u e s  ( l a t i t u d e s ) .  The 
f o l d i n g  over  of t h e  curve  a t  h i g h  L v a l u e s  r e f l e c t s  
t h e  descending p o r t i o n  of t h e  p a s s .  

Response of o m n i d i r e c t i o n a l  channel  A (Ee 2 280 kev ,  
E 2 2.0 MeV) over  t h e  p o l a r  cap f o r  t h e  1963 38C 
p a s s  of 0232 UT February 6 ,  1965. The response  of  
t h i s  d e t e c t o r  shows v e r y  c l e a r l y  t h e  p r o t o n  enhance- 
ment a t  h i g h  l a t i t u d e s .  The o u t e r  zone e l e c t r o n  
p r o f i l e  i s  s e e n  t o  t e r m i n a t e  a t  A 72".  Above t h i s  
v a l u e  t h e  background count  r a t e  f o r  t h i s  d e t e c t o r  i s  
-0.24 c o u n t s  p e r  second. Open c i r c l e s  show descending 
p o r t i o n  of p a s s .  

P 

Low energy p r o t o n  i n t e n s i t y  averages  over  t h e  p o l a r  
cap f o r  a l l  a v a i l a b l e  1963 38C p a s s e s  e x t e n d i n g  t o  
A > 80". A l l  p a s s e s  a r e  from February 6 ,  1965. The 
d a t a  a r e  from t h e  lowest  energy p r o t o n  channel  of 
1963 38C, 1 . 2  < Ep I 2.2 MeV. 
bo th  p r o t o n  s p e c t r o m e t e r s  ( s e e  t e x t )  have been 
averaged t o g e t h e r  and f i v e  degree  averages  i n  A have 
been c o n s t r u c t e d .  Three of t h e  f o u r  a v a i l a b l e  p a s s e s  
show an enhancement a t  I\ 2 80" .  The p a s s  a t  1647 UT, 
d i s p l a y i n g  a smooth p o l a r  cap p r o f i l e ,  o c c u r s  a t  t h e  
second low energy p r o t o n  i n t e n s i t y  peak shown i n  
F i g u r e s  1 and 2.  

Comparison of low energy p r o t o n  o b s e r v a t i o n s  o v e r  t h e  
p o l a r  cap  and a t  Mariner  4 d u r i n g  t h e  February 5 ,  
1965 s o l a r  p r o t o n  e v e n t .  See t e x t  f o r  d i s c u s s i o n .  

To improve s t a t i s t i c s ,  
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F i g u r e  7: Same as F i g u r e  6 except  f o r  d i f f e r e n t  energy channels .  

F i g u r e  8: E c l i p t i c  p r o j e c t i o n  o f  sun-ear th-Mariner  4 system 
showing Archemedian s p i r a l  i n t e r p l a n e t a r y  f i e l d  
c o n f i g u r a t i o n ,  ( a )  a t  s t a r t  of  f l a r e  assuming 400 
km/sec s o l a r  wind v e l o c i t y  and (b)  8 h o u r s  a f t e r  
f l a r e  u s i n g  a shock f r o n t  v e l o c i t y  of 2000 km/sec a s  
determined by sudden commencement of  February  6 .  
Dashed l i n e  connec ts  t o  f l a r e .  The diagram shows t h e  
i n a c c e s s i b i l i t y  of  low energy p r o t o n s  t o  t h e  e a r t h -  
Mariner 4 r e g i o n  i f  t h e  p r o t o n s  are conf ined  t o  t h e  
f l u x  t u b e  emanating from t h e  f l a r e  r e g i o n .  
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